ABSTRACT. Neonatal EEG and sleep findings are presented from a longitudinal study of the effects of maternal alcohol and marijuana use during pregnancy. Infant outcome has been examined relative to the trimester(s) of pregnancy during which use occurred. Disturbances in sleep cycling, motility, and arousals were noted that were both substance and trimester specific. Alcohol consumed during the first trimester of pregnancy was associated with disruptions in sleep and arousal, whereas marijuana use affected sleep and motility regardless of the trimester in which it was used. Although these findings are preliminary and based on a small sample of women exhibiting only moderate substance use during pregnancy, they do suggest that specific neurophysiological systems may be differentially affected by prenatal alcohol or marijuana exposure even in the absence of morphological abnormalities. 
EEG sleep patterns have been used to assess cerebral maturation and neurophysiological organization of the developing CNS in premature, full-term, and older infants (1-9). Abnormal EEGsleep patterns have been associated with specific clinical conditions identified in either the prenatal or perinatal periods. Among the clinical conditions associated with abnormal EEG-sleep patterns are seizures (10, 1 I), untreated hypothyroidism (12) , maternal diabetes (4) and toxemia (1 3, 14), trisomy 2 1 (1 5), asphyxia (1 1, [16] [17] [18] , and drug addiction (1 9). Several investigators contend that EEG-sleep abnormalities can predict medical and behavioral difficulties in neonates and infants even in the absence of clinical abnormalities (10, 1 1, 20, 2 1).
There has been considerable research on the effects of maternal alcohol and marijuana use during pregnancy on the infant's physical and morphological development, but only a few studies have monitored sleep cycling and arousal as a neurophysiological measure independent of other clinical and/or neurobehavioral assessments. Those studies that have investigated the effects of prenatal alcohol exposure on neurophysiological development have found disturbances in the sleep or EEG patterns. Rosett et al. (22) reported that the infants of mothers who drank heavily throughout pregnancy had a greater proportion of quiet sleep, were more restless, and had more major body movements. EEG power spectra analyses of infants of alcoholic mothers have shown hypersynchrony of the EEG as well as an increase in the integrated power in all sleep states, with the greatest increase seen in active sleep (23, 24) .
These studies (22) (23) (24) , however, have methodological limitations. For example, information on alcohol use was frequently obtained from only one interview, which may have been conducted at varying times during pregnancy and, in some cases, only after delivery. To measure either alcohol or marijuana use accurately and with adequate control for the common sources of bias associated with interviewing methods, a more frequent and fixed interviewing schedule is required. In addition, studies have generally not quantified the various subtypes of active (REM) and quiet (NREM) sleep, or their cycling within sleep periods. Also, the descriptions of arousal and motility have been inadequate, presenting only differences in overall EEG power. No EEG-sleep findings have been reported, to our knowledge, for neonates with prenatal exposure to marijuana.
The discussion of EEG-sleep findings herein is limited to the first neonatal recording obtained on these infants at 24 to 36 h of life. Subsequent reports will describe sleep findings assessed later in the infants' development.
METHODS
Study design. The sample for this study is part of a larger cohort of women and their infants participating in a longitudinal study of substance use during pregnancy at a large, urban, university-affiliated obstetrical hospital. Written consent was obtained for both mothers and infants according to guidelines established by the University's Institutional Review Board for ~~m e n t and reliability of the measures, has been reported else-
where (25) . Neonatal sleep-EEG were recorded using a Nihon Kohden (model 4200) 2 1 channel polygraph. Sixteen channels were devoted to EEG and five channels recorded additional physiologic measures: one channel recorded submental EMG, two channels monitored eye movement activity (right and left outer canthi, offset slightly above one eye and below the other eye to optimize visualization of both horizontal and vertical eye movements), and the remaining two channels recorded cardiorespiratory The neonatal EEG-sleep recordings were scored independently by an electroencephalographer who was not aware of the prenatal substance exposure of these infants. Recordings were scored for EEG state, rapid eye movements, arousals, and body movements using 1-min scoring epochs. Scoring was based on operational definitions using representative neonatal EEG recording samples of each of the above areas. The scoring manual used existing standardized definitions for awake, active, and quiet sleep states in the neonate (27, 28) . Additional sleep behaviors, including indeterminate or transitional sleep, arousals, and phasic rapid eye movement activity, have also been included in the scoring manual. Criteria used for scoring neonatal EEG-sleep recordings are summarized in Appendix A (scoring manuals are available from M.S.S. upon written request).
RESULTS
A stepwise regression procedure was used to investigate the effects of maternal alcohol, marijuana, and tobacco use during the lst, 2nd, and 3rd trimesters of pregnancy on the EEG-sleep variables. The alcohol and marijuana variables were expressed in terms of average drinks or marijuana cigarettes per day and tobacco cigarette smoking in terms of quantity of cigarettes smoked per day. The sleep states were expressed in percent of time the infant spent in each particular state over the course of the 120-min recording. Body movements, arousals, and rapid eye movements were expressed in number of occurrences per min.
Separate regressions were run by trimester to assess the independent effects of exposure during each trimester. Inasmuch as the substance use measures from trimester to trimester were highly correlated, it was not possible to include all trimesters in the same regression.' The following variables were entered as covariates into the equations along with alcohol, marijuana, and tobacco use for the appropriate trimester: maternal age, education, income, race, marital status, and other illicit drug use during each of the trimester^,^ infant sex, birth weight, Dubowitz score, ponderal index; and EEG te~hnician.~
The results of the lst, 2nd, and 3rd trimester regressions are presented in Tables 2,3 , and 4, respectively. The effect of alcohol was specific to 1st and 2nd trimester exposure, and in general was associated with an increase in the number of arousals. Other variables affected by alcohol use were low voltage irregular active sleep and trace alternant quiet sleep, both of which were decreased in relation to 1 st trimester alcohol use, and indeterminate sleep which was increased by 1st trimester alcohol use.
As one step in the analyses, we tested for the interactions between alcohol, marijuana, and tobacco; the interaction terms, in general, were not significant predictors of infant outcome and were not included in further regression analyses.
Two women were heavy drug users, both were on methadone throughout their pregnancies. The regression analyses were run eliminating these women and the results were unchanged. Therefore, these two women were included in the analyses presented herein.
Differences were noted between the two EEG technicians in recording infant body movements during the EEG-sleep study. Therefore, EEG technician was included as a covariate in the regression analyses. Babies assigned to the two technicians did not differ on the previously defined covariates.
Marijuana use during each of the three trimesters of pregnancy predicted increased body movements, decreased total quiet sleep and decreased trace alternant quiet sleep (Tables 2, 3 , and 4). Other effects predicted by the regression analyses were an increase in mixed active sleep with 1 st and 3rd trimester use and decreases in low voltage irregular active sleep and the number of rapid eye movements with 1st trimester use.
To illustrate these findings with respect to actual mean differences, smaller group analyses compared infant sleep measures in abstainers and users for 1st trimester alcohol and marijuana use. An analysis of covariance was used to calculate adjusted means for the EEG-sleep variables. These means were adjusted for covariates on which the comparison subgroups differed on a preliminary analysis of variance. Results of these comparisons are presented in Table 5 .
Two groups were selected for illustration, women who drank at least one drink a day during the 1st trimester (n = 18) and women who did not use alcohol at all during the I st trimester (n = 13). The mean number of total arousals was 0.3/min for the offspring of users compared to 0.2 for the infants of the abstainers. Similar rates were found for the mean number of spontaneous arousals (0.3 versus 0.2). The mean duration of spontaneous arousals was different by a factor of two (4.9 s for the exposed versus 2.4 for the unexposed). Similar groups were defined for the description of marijuana effects. Women who used marijuana at the rate of once a day or more often during the 1st trimester (n = 1 I) were compared to women who abstained from marijuana during the 1st trimester (n = 29). The rate of small and large body movements in users was 0.2 and 0.6/min, respectively, compared to 0.02 and 0.21 min, respectively, in the offspring of nonusers. Overall, 15.1 % of the time was spent in total quiet sleep in the marijuana-exposed group and 27.8% was spent in total quiet sleep in the nonexposed group. The percent of time spent in trace alternant quiet sleep was 11.6% in the users and 23.8% in the nonusers. All of the above differences were significant at p < 0.05 (see Table 5 ). alcohol prenatally (22) (23) (24) . Our findings on the effects of marijuana use during pregnancy on infant sleep are entirely new as to our knowledge these measures have not been previously examined. However, decreases in the amount of trace alternant quiet sleep, such as those observed in our marijuana-exposed infants, have been reported by Beckwith and Parmelee (29) in selected groups of high-risk neonates. Considered in the context of current knowledge regarding the organization and development of sleep states, these findings are thought provoking. Whereas the mechanisms of sleep regulation have been only partially elucidated, different neuronal systems have been associated with the expression of the active (REM) and quiet (NREM) sleep states. Although considerable overlap among multiple neurochemical systems may well occur, noradrenergic neurons, particularly those within the brain stem in the area of the locus coeruleus, appear to be important in the regulation of motor activity during active (REM) sleep, whereas serotonergic neurons, concentrated in the area of the raphe nucleus, are important in arousal mechanisms and in the maintenance of wakefulness (30) . Furthermore, monoaminergic systems have been shown to have different rates of development in animal populations (3 1-33) .
Consideration of these aspects of the ontogeny of the neurotransmitter systems may assist in some preliminary speculations regarding our findings. Noradrenergic neurons are anatomically present and presumably functionally active throughout fetal life, whereas serotonergic neurons appear to develop later in gestation. Our data on infants exposed prenatally to marijuana suggest that this use may contribute to an overelaboration of the noradrenergic system that is reflected in increased motility and longer active sleep segments in exposed infants at birth. However, disturbances found among alcohol-exposed infants suggest an exaggerated serotonergic effect that may be expressed in the later development of arousal mechanisms and reflected in increases in both the number and the duration of arousals and in longer periods of indeterminate sleep in exposed infants.
In summary, sleep continuity and architecture in infants is complex and dependent on both the level of maturation and the level of organization of specific brain regions that contribute to the neurophysiological expression of sleep. Data presented herein suggest that certain neurophysiological systems may be adversely affected, and differentially so, by prenatal exposure to alcohol or marijuana as reflected in specific disturbances in sleep cycling and arousal in exposed infants. The present findings indicate only differences present at birth. Examination of additional measures obtained in the course of a longitudinal design is underway to assess the persistence of these sleep disturbances relative to the overall maturation and development in these infants.
